Our earlier study demonstrated that Coeloglossum viride (L.) Hartm. var. bracteatum (Willd.) extract (CE) significantly improved the impaired memory in mice caused by permanent two-vessel occlusion. To investigate whether chronic treatment with CE could influence cerebral ischemia-induced neuronal and cognitive impairments, we examined the effects of CE on two different kinds of cerebral injury: transient middle cerebral artery occlusion model of focal cerebral ischemia; four-vessel occlusion model of transient global forebrain ischemia. CE treatment (5 mg/kg, orally) significantly reduced lesion volume, and improved the performance of passive avoidance and rotarod motor tasks in transient middle cerebral artery occlusion rats. In the four-vessel occlusion model, neuronal cell loss in CA1 of hippocampus was significantly decreased and the performance in the Morris water maze was significantly improved in rats administered CE. We conclude that treatment with CE attenuated learning and memory deficits, motor functional disability, and neuronal cell loss induced by global or focal cerebral ischemia.
Introduction
Coeloglossum viride (L.) Hartm. var. bracteatum (Willd.) is a plant of the Orchidaceae family distributed in the northwest of China, such as Tibet, Inner Mongolia, Shanxi province, Gansu province, and Qinghai province. Its rhizome has been used as a traditional Tibetan medicine for thousands of years. The indications are multiple, such as invigorating vital energy, promoting the production of body fluid, tranquilizing, and enhancing intelligence. Studies have been carried out to investigate the chemical components of Coeloglossum viride var. bracteatum (Huang et al., 2004) . Through specific extraction and separation, an active extract from its rhizome was obtained and named as CE (typical components: dactylorhin B, loroglossin, dactylorhin A and militarine). The extraction technique is described in detail in patent 6 (China). In our earlier study, we found that CE significantly improved the impaired memory in mice caused by some chemicals such as scopolamine, cycloheximide, and alcohol, and protected neurons against injuries by b-amyloid (Zhang et al., 2006b) .
Cerebral ischemia can easily trigger neuronal death, because neuronal cells are solely dependent on the glucose and oxygen delivered by the blood (Lee et al., 1999; Sarter et al., 2003) . Interestingly, cerebral ischemia insult shows a substantial delay between the end of the short occlusion and neuronal cell death, and the delay usually depends on the cell population, the duration of the insult, and types of the vessels occluded (Lipton, 1999) .
Stroke is one of the leading diseases that threaten humans in the world and even survived stroke patients mostly live with motor, verbal, cognitive, or affective dysfunctions. Stroke insult leads to vascular cognitive impairment (VCI). Roman et al. (2004) discussed that VCI should be limited to patients of mild cognitive impairment without dementia. Borlongan et al. (2005) documented that VCI could continuously develop to severe cognitive impairment termed vascular dementia. For many years, the attention for rehabilitation was paid to motor disability but not cognitive deficit; thus, we became interested and devoted to develop a pharmacological treatment that could also protect against cognitive deficits induced by stroke.
respectively. The tMCAO model has higher cerebral blood flow than 4VO animal (even at the core of the lesion) and shows ischemic gradation from the core to the boundary of the lesion. This is totally different from the 4VO model that induces widespread neuronal cell death in isolated cerebral regions (Lipton, 1999) . In the study of vascular dementia, stroke rats have always been observed for a long period, usually 28 days and more (Lee et al., 2003; Borlongan et al., 2005) . Therefore, this study was carried out for 35 or 70 days to clarify the effects of CE on ischemia-induced cognitive impairments, using the Morris water maze and passive avoidance tasks in 4VO and tMCAO models, respectively. The neuroprotective effects of CE on ischemiainduced histological damage were also examined by cresyl violet and triphenyltetrazolium chloride (TTC) staining.
Methods

Subjects
Male Wistar rats, weighing 250-280 g, were obtained from the experimental animal center, Chinese Academy of Medical Sciences. Rats were allowed to acclimatize for at least 3 days before experimentation. Rats were maintained under conditions of controlled lighting (12 : 12 h light-dark cycle) and temperature (251C). Food and water were freely available. Experiments were carried out in compliance with the National Institutes of Health and institutional guidelines for the humane care of animals and were approved by the Animal Care Committee of the Peking Union Medical College and the Chinese Academy of Medical Sciences. Every effort was made to minimize the number of animals used and their suffering. Air-dried rhizomes of Coeloglossum viride var. bracteatum were purchased from Qinghai Province, China, and authenticated by Professor Guoliang Zhang, Lanzhou University. A voucher specimen (no. 998204) has been deposited at hortus siccus in the Institute of Materia Medica, CAMS, China. Air-dried and ground rhizomes (1 kg) were extracted three times by refluxing with 95% ethyl alcohol (EtOH) (each 6 l) for 2 h. The extracts were filtered and evaporated under reduced pressure (601C, 0.08 MPa) to give a residue, which afforded a solution of 0.5-g crude herbs/ml by dissolving in 2 l deionized H 2 O. The solution was cooled at room temperature for 24 h. A filtrate with a relative density of 1.02 (201C) was obtained after centrifugation. The filtrate was passed through an HPD-100 macroporous resin column (Beijing Seventh Chemical Factory, Beijing, China) (the volume is 1 l) eluted with 8 l H 2 O, 8 l 10% EtOH and 4 l 40% EtOH. The 40% EtOH elution on removal of the solvent under reduced pressure (601C, 0.08 MPa) provided 2.62 g CE by spraying to dryness. High-performance liquid chromatography was carried out on a C18 flash column (4.6 mm inner diameter Â250 mm, 5 U, Alltech Associates Inc., Waukegan Road, Deerfield, Illinois, USA), 0.7 ml/min, 251C. The mobile phase was 30% MeOH/H 2 O (10 min), 40% MeOH/H 2 O (5 min) and 50% MeOH/H2O (25 min) sequently. Four pure compounds were detected at 230 nm using Waters 2487 Dual Absorbance Detector (Waters Corp., Milford, Massachusetts, USA): dactylorhin B, loroglossin, dactylorhin A, and militarine (Fig. 1) . The percentages of these compounds are 26.1, 20.7, 38.9, and 4.3%, respectively (Huang et al., 2004) .
Transient middle cerebral artery occlusion model of focal cerebral ischemia
The operation of tMCAO was induced using the intraluminal nylon filament technique (Zea et al., 1989) . As recently modified (Zhang et al., 2006) , anesthesia was induced with sodium pentobarbital [40 mg/kg, intraperitoneally (i.p.)], after a ventral midline incision the right common carotid artery (CCA) was exposed, and the external carotid artery (ECA) and internal carotid artery (ICA) were dissected free from surrounding nerves and fascia. The CCA was tied at about 5 mm from the bifurcation. The ECA was tied at about 5 mm from the bifurcation (permanent double knot), and a second loose knot was placed around the ECA origin. After placing a microvascular clip across the ICA adjacent to the ECA origin, a partial incision was made in the ECA midway between the permanent double knot and second loose knot. A 0.1% poly-L-lysine-coated nylon filament (0.26 mm diam., rounded tip) was introduced into the ECA lumen, and then the ECA stump was loosely tightened around the filament to prevent bleeding. After the microvascular clip was removed and the ECA was permanently closed, the filament was gently advanced from the ECA into the ICA lumen, and its tip advanced 18.5-22.0 mm from the bifurcation to block the origin of middle cerebral artery from the circle of Willis. Rectal temperature was monitored and maintained at 37.5 ± 0.51C using an infrared lamp. After 120 min of occlusion, the filament was gently pulled out and the CCA opened to allow reperfusion. In sham-operated rats, the right CCA was exposed and the ECA was opened without introducing the filament into the ICA. After the operation, the rats were allowed to wake up to gain consciousness and moved to their home cages.
Four-vessel occlusion model of transient global forebrain ischemia
Transient global forebrain ischemia was accomplished by using a modification of the 4VO model (Pulsinelli and Buchan, 1988) . After rats were anesthetized with sodium pentobarbital (40 mg/kg, i.p.) and positioned in stereotaxic ear bars (Reward, Shenzhen, China) with the head tilted down at approximately 301 to the horizontal, an incision of 1.5 cm was made behind the occipital bone directly overlying the first cervical vertebrae. The paraspinal muscles were gently separated from the midline until the right and left alar foramina of the first cervical vertebrae were clearly exposed. A 0.5-mmdiameter needle was inserted through each alar foramen to make the vertebral artery permanently occluded by electrocautery. Next, both common carotid arteries were isolated through a ventral midline cervical incision. A 2-0 silk was loosely placed around each CCA without interrupting carotid blood flow and the incision was closed with a single suture. Twenty-four hours later rats were briefly reanesthetized with ether to open the wound. Both carotid arteries were then occluded (no anesthesia) with microvascular clips for 30 min, whereas core temperature was maintained at 37.5 ± 0.51C by an infrared lamp. Rats that became unresponsive or had initial running behavior, loss of righting reflexes, and dilation of pupils were included, whereas rats that ceased to remain in coma or developed righting reflexes during ischemia or seizure activity during or after ischemia were excluded (Colbourne et al., 1999) . Sham-operated rats that underwent surgery without occlusion were used for nonischemic control.
Experimental design
CE was dissolved in 0.9% NaCl, administered at a dose of 5 mg/kg (orally) twice a day. On the basis of our earlier study (Zhang et al., 2006a, b) , it was concluded that 5 mg/ kg is the optimal dose. The 4VO rats were treated for 60 days since 24 h after ischemia insult. The tMCAO rats were first pretreated for 2 days and ischemia was induced by middle cerebral artery occlusion at 30 min after last administration, then they were treated for 30 days after ischemia. The sham-treated and vehicle-treated groups were administered at 0.9% saline (10 ml/kg, orally).
In experiment 1, the effects of CE on passive avoidance: rotarod motor tests and histological outcome in tMCAO rats were studied. Three groups were prepared: sham group (n = 5), tMCAO group (n = 7), and tMCAO + CE group (n = 7). The rotarod motor was carried out 29 days after induction of ischemia followed by the passive avoidance test and TTC staining.
In experiment 2, the effects of CE in the Morris water maze test and histological outcome in 4VO rats were studied. Again, three groups were prepared: sham group (n = 15), 4VO group (n = 12) and 4VO + CE group (n = 9). The water maze test was carried out 60 days after induction of ischemia followed by cresyl violet staining.
Behavioral tests Morris water maze
Briefly, the pool was surrounded by several prominent extramaze cues, which were kept constant throughout the experiment. A CCD camera (Sony China Co., Ltd, Beijing, China) was equipped with a personal computer for behavioral analysis. The rat was gently released into the maze head-up and facing the wall of the maze with all rats tested in the same order each day. The rats were trained for 5 consecutive days with two trials a day from any of the two starting points separated by 901. The platform was submerged 1 cm below the water (221C ± 11C) surface in a fixed position. The maximum trial duration was 60 and 10 s on the platform at the end of each trial. In each trial, the latency to escape onto the hidden platform was recorded. At 24 h after the last training trial, memory retention was tested. The platform was removed and the rat was allowed to swim freely for 60 s.
Step-down passive avoidance
The passive avoidance test followed the procedures described in detail elsewhere (Borlongan et al., 2005) . The apparatus consists of an acrylic box (27 Â27 Â30 cm) with a stainless-steel grid floor. A safe platform (8.5 cm diam.) was fixed at one corner of the box. Each rat was placed initially on the safe platform and electric shock (36 V, 1.5 mA, alternate current, 50 Hz) was delivered to the grid. When the rat stepped down onto the grid floor, it received a foot shock and jumped back onto the safe platform. For a while the rat went up and down between the platform and the grid, and eventually it remained on the platform. The time that the rat spent in learning to remain on the platform continuously for 3 min was recorded as the latency of the acquisition test. Twentyfour hours later, a retention test was conducted by placing the rat on the platform, and the step-down latency was recorded for a maximum of 3 min.
Rotarod
The rotarod motor test is described in detail elsewhere (Hamm et al., 1994; Chen et al., 2001) . Briefly, rats were placed on the rotarod cylinder, and the latency was recorded as the speed was slowly increased from 0 to 20 rotations per minute within 5 min. The test ended if the animal fell off the rotarod or gripped the device and spun around for two consecutive revolutions without attempting to walk on the cylinder. Each rat was trained for 3 days before tMCAO on the rotarod and the mean duration of three rotarod measurements on the day before tMCAO was recorded as baseline control (100%). The rotarod motor test was carried out thrice a day at 2, 6, 16, and 29 days after tMCAO. The results are expressed as a percentage of the baseline control score.
Brain histology Cresyl violet staining
After behavioral tests, four rats were chosen randomly from each group, deeply anesthetized with sodium pentobarbital (80 mg/kg, i.p.) and transcardially perfused with 100 ml saline, followed by 200 ml 4% paraformaldehyde in PBS (pH 7.4). Then brains were removed and postfixed in 4% paraformaldehyde in PBS (pH 7.4) overnight at 41C, and then placed in a solution of 30% sucrose, 4% paraformaldehyde in PBS (pH 7.4). The fixed brains were cut into 30-mm sections using a Leica cryostat (Leica Microsystems, Ernst-Leitz-Strasse, Wetzlar, Germany), and then processed histochemically as free-floating sections. All sections of the brain were mounted on gelatine-coated microscope slides, allowed to dry for 10 min and stained with cresyl violet for 5 min. They were then dehydrated in increasing ethanol concentrations and finally coverslipped from xylene. Representative sections were scanned (Leica DFC300 Imaging System, Leica Microsystems, Ernst-Leitz-Strasse, Wetzlar, Germany). The middle zone of the dorsal hippocampal CA1 subsector was targeted for the assessment of the neuronal damage because it is the zone most affected by the delayed neuronal death (Crain et al., 1988) . For quantitative analysis, one in every four samples was taken from a continuous series of hippocampus tissue sections and five coronal sections were collected for cresyl violet staining. Determination of ischemic injury was made on the sections around bregma ( -3.8 mm: Paxinos and Watson, 1986) with the use of an ocular grid under light microscopy at a magnification of 16 Â and 200 Â by an observer blinded to the experimental protocols. A score was given to the middle CA1 hippocampal subsector, graded from 0 (no visible damage) to 3 (extensive pyramidal cell loss), with 1 indicating scattered ischemic neurons and 2 indicating that approximately one half of the pyramidal cells were lesioned (Nanri et al., 1998) .
Triphenyltetrazolium chloride
The TTC staining procedures followed behavioral testing (Zhang et al., 2006) . Four randomly selected rats from each group were killed at 35 days after ischemia surgery. Under deep anesthesia (sodium pentobarbital, 80 mg/kg, i.p.), rats were perfused intracardially with saline. Then the brains were quickly removed, chilled in ice-cold saline for 10 min, and sliced into six 2.0-mm sections. The brain slices were incubated in 2% TTC dissolved in PBS for 25 min at 371C and then transferred to 5% formaldehyde solution for fixation. Each brain slice was photographed with a digital camera and quantified by using an Image J system (NIH image, version 1.37, 9000 Rockville Pike Bethesda, Maryland, USA). Lesion area in each slice was calculated by subtracting the normal ipsilateral area from that of the contralateral hemisphere to compensate for edema formation in the ipsilateral hemisphere and was presented as the percentage of the lesion to the area of the contralateral hemisphere. The total lesion volume was determined by summing up the lesion area of the six sections (Swanson et al., 1990) :
%I, percentage of lesion volume; V C , volume of the contralateral hemisphere; V I , volume of normal tissue of the ipsilateral hemisphere.
Statistical analysis
Results were expressed as mean ± SEM. 
Results
Morris water maze test
Global 4VO of 30 min markedly prolonged the escape latency that the rats learned to find the platform in Morris water maze (Fig. 2) . A two-way ANOVA with repeated measure revealed significant main effect of group [F(2,132) = 6.42, P < 0.01] and day [F(4,132) = 38.15, P < 0.001], but no significant group-day interaction [F(8,132) = 1.32, NS] in acquisition trials. Fisher's post-hoc test revealed that the 4VO + CE (P < 0.05) and sham (P < 0.01) groups had significant shorter latencies to reach the platform, compared with those of the 4VO group. CE treatment produced a 71% reduction in escape latency as compared with the 4VO group.
Step-down passive avoidance task A Kruskal-Wallis nonparametric test showed that there were significant differences in step-down latency during the retention phase between the groups in the passive avoidance test (w 2 = 6.56, degrees of freedom = 2, P < 0.05). A Mann-Whitney U test after the Kruskal-Wallis tests indicated that focal tMCAO insult of 2 h markedly affected the learning and memory of rats compared with that of sham-operated rats (acquisition phase: 304 ± 77 versus 152 ± 36 s, NS; retention phase: 65 ± 30 versus 176 ± 4 s, P < 0.05). In the step-down passive avoidance test, the tMCAO + CE group acquired the task in a shorter time (199 ± 19 s, -69.1%) than the tMCAO group (NS) (Fig. 3) . During the retention phase, the tMCAO + CE group retained on the platform for a significantly longer time (150 ± 20 s, 76.6%) than the tMCAO group (P < 0.05).
Rotarod motor test
Focal tMCAO insult of 2 h led to motor dysfunction of rats in the rotarod motor test. Student's t-test indicated that the rehabilitation effect of CE was significant for the tMCAO rats [t(6) = 2.41, P < 0.05). Repeated treatment with CE from 2 days before operation significantly improved motor functional recovery by 20.2, 12.1, 15.9, and 9.7% at 2, 6, 16, and 29 days compared with tMCAO group, respectively (Fig. 4) . The task was carried out with two trials a day during 5 days for the acquisition test. Rats were treated with saline (10 ml/kg, sham, n = 15; 4VO, n = 12), or CE (5 mg/kg, orally, n = 9) daily for 60 days after cerebral ischemia. The sham group was treated with only saline without induction of ischemia. Significance with post-hoc Fisher's least significant difference method after the analysis of variance for repeated measures is indicated as **P value of less than 0.01 versus sham group, or #P value of less than 0.05 versus 4VO group. Vertical lines indicate SEM. Ma et al. 329 Brain histology Cresyl violet staining
Effects of Coeloglossum viride in ischemia tests
The loss of staining and the abundance of neurons with typical ischemic cell changes (shrunken and darkly stained cell bodies) were recognized as section lesion (Garcia, 1992) . Brain sections of the 4VO group showed a significant cell loss in hippocampal CA1 area in contrast with the sham group. CE treatment significantly reduced ischemia-induced neuron loss in the hippocampal CA1 area (Fig. 5) . The Kruskal-Wallis nonparametric test indicated that scoring on the deficit of CA1 neurons revealed a significant difference among the groups (w 2 = 10.02, degrees of freedom = 2, P < 0.01). Mann-Whitney U tests indicated that the sham (P < 0.05) and 4VO + CE groups (P < 0.05) had more normal pyramidal cells in the hippocampus compared with those of 4VO group (Fig. 6) . Figure 7 shows the effect of CE pretreatment on lesion volume evaluated by TTC staining at 35 days after tMCAO insult. The cerebral lesion in the tMCAO group (n = 4) was widely distributed in the ipsilateral neocortex, hippocampus, and striatum. Its lesion volume was 35.5 ± 4.3% of the contralateral hemisphere. When pretreated with 5 mg/kg of CE (n = 4), lesion volume was lowered to 16.4 ± 8.1%. Therefore, Student's t-test indicated that CE pretreatment significantly reduced mean lesion volume by 53.8% as compared with the tMCAO group [t(6) = 2.08, P < 0.05).
Triphenyltetrazolium chloride
Discussion
These results demonstrate that severe global or focal ischemia produced deficits in performances of Morris water maze and passive avoidance tasks as well as neuronal cell loss in rat brain. Treatment with CE attenuated ischemia-induced cognitive and motor impairments in behavioral task and ischemia-induced neuronal loss in the brain. induced deficits in rats undergoing the passive avoidance task. The first set of bars represents the mean duration to acquire the task, whereas the second set of bars indicates mean step down latency. CE-treated ischemic rats exhibited near normal acquisition and retention of the passive avoidance task compared with vehicle-treated ischemic rats. Significance with Mann-Whitney U test after Kruskal-Wallis test is indicated as *P value of less than 0.05 versus sham group; # P value of less than 0.05 versus tMCAO group. Vertical lines indicate SEM (n = 7 for tMCAO or tMCAO + CE group; n = 5 for sham group). Ischemia can produce severe histopathological damage and related behavioral deficits including cognitive and motor disorders. In particular, the hippocampal neurons are well-known to play an important role in learning and memory processes (Morris et al., 1982; Miyamoto et al., 1987) , and are vulnerable to cerebral ischemic injury (Schmidt-Kastner et al., 1989; Block et al., 1996; Ota et al., 1997) . Moreover, ischemic lesions of hippocampal neurons are well-established to produce animal models of cognitive impairments in a variety of behavioral tasks (Olsen et al., 1994; Sopala and Danysz, 2001) .
Global or focal ischemia can result in extensive and progressive brain dysfunction, particularly in the hippocampus, striatum, and prefrontal cortex (Choi, 1994) . Ischemic rodent models are widely used to mimic human pathological condition, notably a marked delayed neuronal death occurs in the hippocampus after reperfusion (Walton et al., 1999) . Global 4VO ischemia can uniformly result in delayed neuronal death in selected regions of the brain (Pulsinelli et al., 1982) . In the rat hippocampus, 5-30 min of 4VO primarily damages CA1 pyramidal neurons (Mori et al., 2001; Bagetta et al., 2004) .
CA1 pyramidal neurons degenerate slowly with death occurring 48-72 h after reperfusion (Pulsinelli et al., 1982) . In this pilot study, however, 15 min of 4VO ischemia did not induce significant cognitive impairment in the Morris water maze test (data not shown). Then the 4VO rats were occluded 30 min, which is the most serious ischemia in 4VO studies. An ANOVA revealed that 30 min of 4VO ischemia severely impaired spatial cognition in the Morris water maze task: the 4VO rats learned to find the platform in a significantly slower way than shamoperated rats and CE treatment attenuated cognitive impairments of 4VO rats. The improvement rate was 71.4% by CE treatment compared with the vehicletreated rats in the Morris water maze task. The Morris water maze is a hippocampus-dependent behavioral test. The cresyl violet staining to 4VO brain sections revealed that 60 days of CE treatment led to the recovery of the shrunken and darkly stained neurons in the hippocampal CA1 area. Other studies reported that ischemia-induced cell death in the hippocampal CA1 area is closely correlated with learning and memory deficits (Olsen et al., 1994) . Therefore, it was suggested that the reduction in hippocampal neuron loss by CE treatment seemed to be the basis for the cognitive improvement in the Morris water maze. To further understand the correlation, the mechanism underlying the recovery of darkly stained neurons by CE treatment remains to be investigated. One recent study demonstrated that CE treatment could reduce Bax or caspase-3 levels, and raise Bcl-2 level in senescent mice induced by consecutive injection of D-galactose and NaNO 2 (Zhang et al., 2006a) . Another study reported that the major component of CE, dactylorhin B, had a neuroprotective effect against the damage of rat brain mitochondrial function induced by bamyloid (Zhang et al., 2006b) . Mitochondria play a key role in the development of cell apoptosis and there is much evidence that apoptotic mechanisms contribute to the death of CA1 neurons after cerebral ischemia (Sei et al., 1994; Volpe et al., 1995) . Therefore, further studies are planed to identify that active components of CE (such as dactylorhin B) may exert neuroprotection against cerebral ischemia through antiapoptotic mechanisms.
Regional neuron death also follows cerebral tMCAO insult. The parietal cortex, hippocampus, and striatum are mainly affected after focal unilateral ischemia (Rice et al., 1981; Ota et al., 1997) . The use of different duration of occlusion in the tMCAO model can change the size of lesion volume (Lipton, 1999) . Other studies reported that brain lesion produced by mild insult (30 min of tMCAO) was confined to the striatum or cortex (Nagasawa and Kogure, 1990) , whereas more than 2 h of tMCAO led to injury of the striatum, cortex, and more enlarged region including hippocampus. It was reported that 2 h of tMCAO caused the same size of infarction as permanent focal ischemia in rats (Lipton, 1999) . The cell death in tMCAO model is of two types: early necrotic death in the ischemic core and delayed neuronal death in the neighboring regions, of which the hippocampus is the most vulnerable (Butler et al., 2002) , consistent with our TTC-staining results. This study demonstrated that unilateral brain injury also led to significant motor dysfunction, which remained 30 days in rotarod task. In pilot experiments, rats were pretreated with CE for 2 days before tMCAO and TTC staining was carried out 24 h later. The results show that CE pretreatment does not have a significant acute effect on infarct volume, though the infarction volume of the tMCAO group was reduced from 32.6 to 24.1% (data not shown). These suggest that CE initiates a neuroprotective effect at the acute phase after focal cerebral ischemia. Supportively, the improvement of rotarod motor performance by CE treatment was also initiated at 2 days after tMCAO operation and lasted for 30 days. In this study, 2 h of tMCAO ischemia result in cognitive impairments in the step-down task and after 30 days of CE treatment the tMCAO rats underwent the step-down task nearly as well as the sham-operated rats, especially in the retention phase.
Taken together, ischemia can induce marked hippocampus lesion and related cognitive dysfunctions. Never-theless, there is a delay between the ischemia and neuronal cell death, which provides a chance for the drug to rescue the delayed neuronal loss against ischemia. Chronic treatment with CE attenuated delayed neuronal cell death and improved cognitive impairments in 4VO and tMCAO rats, suggesting that CE may be a potential candidate for the treatment of vascular dementia. The mechanisms underlying these effects are under investigation.
